Introduction {#sec1-1}
============

Bimaxillary protrusion, a dentoalveolar anomaly commonly found in Asian populations, is characterized by protrusive upper and lower incisors as well as an increased procumbency of the lips.\[[@ref1]\] The goals of orthodontic treatment for bimaxillary protrusion include reduction of dental protrusion as well as facial convexity by retraction of upper and lower incisors. Therefore, extractions of the four premolars are often incorporated into the treatment regime, followed by retraction of incisors with maximum anchorage.\[[@ref2]\]

Various mediums have been utilized to retract the proclined incisors, including elastics, elastic power chain, nickel-titanium spring, and closing loops. The magnitude and direction of orthodontic forces affect the speed and types of tooth movement, namely intrusion, extrusion, tipping, or translation.\[[@ref3]\] In addition, in the edgewise bracket system, a couple of forces, which are of the same magnitude, parallel but in opposite directions, was generated by the contact of the two edges of the rectangular archwire with the gingival and occlusal wall of the slot.\[[@ref3]\] The interplay between forces and momentum affects the outcome of orthodontic treatment.

It is rather well accepted that the extraction of four premolars can be effective in correcting bimaxillary protrusion.\[[@ref4][@ref5]\] Moreover, sliding mechanism has been widely utilized in the straight wire appliances for *en masse* retraction of upper and lower incisors.\[[@ref6]\] In review of the reports regarding the sliding mechanics, previous interest has been focused on the friction among different bracket systems\[[@ref7]\] and the interplay between different archwires and slots,\[[@ref8]\] difference between traditional anchorage, and mini-implant anchorage.\[[@ref9]\] However, currently, there is relatively little information in the literature discussing the effects of force magnitude on the retraction of incisors in bimaxillary protrusion. Given the fact that the outcome of bimaxillary protrusion would be greatly dependent on the space closure, this study was designed to explore whether force magnitude would affect the incisor position and overall outcome of orthodontic treatment in bimaxillary protrusive patients who need mass incisor retraction.

Materials and Methods {#sec1-2}
=====================

Study sample {#sec2-1}
------------

The sample in this study was selected from the patients diagnosed with bimaxillary protrusion and treated at a university orthodontic clinic. The rights and privacy of all patients in the sample were protected, and approval was obtained from the Institutional Review Board of the university where the research was conducted. Only female patients who met the following criteria were included in the study:

A minimum age of 15 to reduce the effects of growth on dental structures;Cases with Class I molar relationship;Pretreatment interincisal angle less than 124°;Orthodontic treatment consisting of the extraction of four premolars with subsequent retraction of anterior teeth;Pre- and posttreatment cephalometric radiographs of adequate diagnostic quality;Maximum anchorage was incorporated to guarantee notable incisor movement.

Orthodontic treatment {#sec2-2}
---------------------

All 41 patients satisfying the inclusion criteria were treated by the authors using straight wire appliances with a 022 × 028-in MBT prescription. Four premolars were extracted and temporary anchorage devices (TADs), which were implanted between the upper second premolars and upper first molars, were used to achieve the maximum anchorage control and avoid unexpected movement such as the mesial movement of posterior teeth. Depending on the mechanics used, the patients were divided into two groups -- elastics group and power chain groups.

For the patients in the elastic group (*n* = 18), the extraction space was closed by wearing elastics on a 0.018 × 0.025-in stainless arch wire by patients themselves, and the force was controlled at \~100 g, which was detected by hand-held dynamometer at every visit. For the patients in the power chain group (*n* = 21), the extraction space was closed by using elastic power chains on a 0.019 × 0.025-in stainless arch wire, and the force was controlled at \~250 g by using a dynamometer.

Cephalometric analysis {#sec2-3}
----------------------

Pretreatment and posttreatment cephalometric radiographs were digitized, traced, and superimposed by one examiner, and then calibrated and analyzed in Winceph 7.0 cephalometric software (Rise, Sendai, Japan). Cephalometric parameters utilized in this study to evaluate the skeletal, dental and soft tissue changes included: Sella-Nasion-A(SNA), Sella-Nasion-B(SNB), A-Nasion-B (ANB), Mandibular plane-Frankfurt Horizontal plane(MP-FH), Mandibular plane-(Sella-Nasion) plane(MP-SN) \[[Figure 1](#F1){ref-type="fig"}\].

![Dentoalveolar measurements of the lateral cephalometric analysis: 1, SNA; 2, SNB; 3, ANB; 4. MP-FH; 5, MP-SN; 6. U1-SN; 7. U1-NA; 8. L1-MP; 9. L1-NB](JOS-7-13-g001){#F1}

To evaluate the changes in lip and incisor position, a constructed Frankfort horizontal plane (constructed by subtracting 7° from the sella-nasion line) served as the x-axis and a line perpendicular to it through the sella served as the y-axis. Following measurements were conducted on the superimpositions to minimize inaccuracy -- upper incisor position (U1 tip-y axis), lower incisor position (L1 tip-y axis), upper lip protrusion (the most anterior point of the upper lip -y axis), and lower lip protrusion (the most anterior point of the upper lip-y axis). In addition, changes in the nasolabial angle and labiomental angle were also measured to reflect soft tissue alterations \[[Figure 2](#F2){ref-type="fig"}\].

![Horizontal position of the upper and lower incisor tips as well as lips. 1, most anterior point of upper lip to y axis; 2, upper incisor tip-y axis; 3, mandibular incisor tip-y axis; 4, most anterior point of lower point-axis; 5, nasolabial angle; 6, mentolabial angle](JOS-7-13-g002){#F2}

Error measurement {#sec2-4}
-----------------

For error testing, pre- and posttreatment cephalograms were traced at the same time and all radiographs were traced by the same operator. Ten patients were selected and pre- and posttreatment radiographs were traced, and then retraced by the same operator at least 2 weeks later. The tracings were analyzed and the differences in measurements between the two different tracings of the same radiograph were calculated. Paired *t*-tests were performed to determine the significant differences between the two tracings. No significant difference was found between any of the measurements on the 10 cephalograms.

Statistics {#sec2-5}
----------

All data were statistically analyzed using a commercially available statistical software package (SPSS 17.0, Chicago, IL, USA). The means and standard deviations of pretreatment and posttreatment cephalometric measurements in both groups were calculated and compared using analysis of variances (ANOVA). Statistical significance was set at the level of 0.05.

Results {#sec1-3}
=======

The mean ages of the patients in the elastic group and power chain group were 19.77 ± 3.23 years and 20.28 ± 3.67 years, respectively. The treatment time was longer in the elastic group (28.94 ± 4.93 years) than the power chain group (24.52 ± 4.42 years), suggesting a slower tooth movement rate in the elastic group.

Pretreatment characteristics {#sec2-6}
----------------------------

Descriptive data regarding the pretreatment characteristics are listed in [Table 1](#T1){ref-type="table"}. For comparison, the norms of the adult patients with normal occlusion from the same population were also given.

###### 

Pretreatment and Posttreatment Cephalometric Characteristics of Individuals With Bimaxillary Protrusion in Elastics Group and Power Chain Group.

![](JOS-7-13-g003)

Patients in both the elastic and power chain group displayed similar dentoalveolar pattern, showing no statistical difference in any items. A moderate skeletal class II pattern was found in both the elastic and power chain group (7.40 ± 1.85 and 6.86 ± 1.35, respectively); in addition, SNA in both groups was significantly larger than the normal control, showing the maxillary protrusion. Decreased interincisal angle was found in both the elastic group (109.73 ± 7.19) and power chain group (110.32 ± 7.42); moreover, upper incisor and low incisor inclination was more protrusive in both the elastic group and power chain group than normal control.

Posttreatment characteristics {#sec2-7}
-----------------------------

Although both groups showed similar skeletal pattern after treatment, a significant difference in upper incisor inclination was observed with a larger U1-SN and U1-NA in the elastic group than power chain group, indicating better torque control in the elastic group. No difference in nasolabial angle and mentolabial angle was found in both the elastic group and power chain group.

Effect of treatment {#sec2-8}
-------------------

A significant improvement in maxillary skeletal protrusion was found with SNA, and ANB decreased more in the elastic group than in the power chain group, whereas no difference was found in the changes in the mandibular plane \[[Table 2](#T2){ref-type="table"}\]. The upper incisor retraction was similar with a retraction of 6.78 ± 0.91 mm in the elastic group and a retraction of 6.59 ± 0.92 mm in the power chain group; in contrast, more retroclination of the upper incisor was found in the power chain group (15.98 ± 5.60°) than elastic group (8.84 ± 8.53°).

###### 

Cephalometric Changes After Orthodontic Correction of Bimaxillary Protrusion (Postreatment - pretreatment).

![](JOS-7-13-g004)

Regarding lip position changes, upper lip retraction was larger in the elastic group (3.53 ± 1.63 mm) than power chain group (2.32 ± 1.31 mm), whereas no difference in the retraction of both lower incisors and lower lips was observed in the elastic group and in the power chain group \[[Figure 3](#F3){ref-type="fig"}\]. Furthermore, we calculated the ratio of upper lip retraction to upper incisor retraction, the ratio in the elastic group was much larger (0.50 ± 0.16) than power chain group (0.35 ± 0.18) showing more prominent lip changes in relation to incisor changes. However, we did not observe difference in the ratio of the lower lip retraction to low incisor retraction, which showed a marked variation \[[Figure 4](#F4){ref-type="fig"}\].

![Changes in lip position and incisor tip poison (\**P* \< 0.05)](JOS-7-13-g005){#F3}

![Changes in the ratio of the lip retraction to incisor retraction (\**P* \< 0.05)](JOS-7-13-g006){#F4}

Discussion {#sec1-4}
==========

Successful orthodontic correction of bimaxillary protrusion has been reported in the literature. Patients with bimaxillary protrusion in an East Asian population were often accompanied by skeletal problems, usually skeletal class II tendency.\[[@ref10]\] Therefore, the aim of orthodontic treatment should incorporate both correction of dental protrusion and improvement in skeletal discrepancy. This was the first study designed to explore whether force magnitude would influence the outcome of orthodontic treatment, and we found that sliding mechanic with light force can achieve more skeletal effects.

Maxillary incisor labiolingual inclination and anteroposterior position have a key effect on the appearance of the smiling profile. Interestingly, a smiling profile with a 5° lingual inclination of the upper incisor obtained the highest score in Chinese and Mideast population,\[[@ref11][@ref12]\] and an excessive maxillary incisor lingual inclination was the least favorable regardless of the mandibular position.\[[@ref11][@ref13]\] Our study stressed the importance of utilizing light forces to achieve better torque control for smiling esthetic. In addition, light force has also been advocated for less discomfort, reducing the chance of root resorption and avoiding periodontal damages.\[[@ref14]\]

The labiolingual inclination of the maxillary incisors is a challenge when extensive retraction is needed to camouflage skeletal discrepancy in patients with a skeletal class II pattern.\[[@ref15]\] The expression of the incisor labiolingual inclination was influenced by various factors, including the direction and magnitude of forces, the mechanical property of archwire, and bracket.\[[@ref16]\] To counteract the loss of torque, Gioka and Eliades suggested that a high-torque prescription should be selected.\[[@ref16]\] However, the use of a high-torque bracket system would strain the anchorage control and flare the incisors in nonextraction patients.

In sliding mechanics, the tooth will tip until the wire contacts the bracket at opposite corners of the slot, stopping the tipping motion.\[[@ref17]\] Typically, when the momentum of the couple on the bracket is equal to the momentum of the retraction force, bodily movement ensues;\[[@ref18]\] therefore, theoretically heavier the retraction force is, more torque loss accompanies. This phenomenon explained the bodily movement element in the light force of the elastic group, and the more retroclined inclination in the power chain group with moderate force.

There is an ongoing debate about the magnitude of an optimal force. In the early transition era of SWA, Andrews used forces of 600 g to close spaces; later, McLaughlin and Bennett advocated a force of 200 g,\[[@ref19]\] which was also supported in other studies.\[[@ref20][@ref21][@ref22]\] However, Burstone and Groves observed no threshold value but found optimal rates between 50 and 75 g for tipping of anterior teeth.\[[@ref23]\] Similarly, in our present study, a continuous light unilateral \~100 g effectively finished *en masse* retraction with partial translational movement, albeit tooth movement rate was slightly slower than 200\~250 g power chain group.

The force of elastomeric chain can degrade quickly; therefore, some orthodontists utilize nickel-titanium coil spring to deliver a constant force.\[[@ref24]\] The information on the efficiency of elastics in closing space is limited, as currently there is only one clinical study that examined the efficiency of elastics to distalize the canine.\[[@ref25]\] Slower canine distalization was observed in patients wearing elastics than nickel-titanium coil spring;\[[@ref25]\] however, such a difference may arise from the different magnitude of forces rather than the materials. Changing the elastics by the patients themselves delivers an almost continuous force and avoids dental hygiene problem of power chain and coil spring.

Conflicting results have been reported in the literature regarding the ratios of incisor retraction to lip retraction, which can be attributed to the lack of standardization of lip position during radiography, variation in lip morphology and lip tonicity,\[[@ref26]\] and difference in growth potential. For example, Bills *et al*.\[[@ref1]\] reported a similar 1:2.2 upper lip retraction to upper incisor retraction, whereas Kusnoto *et al*.\[[@ref27]\] found a ratio of 1:1.3 in an Indonesian bimaxillary protrusive patient; in contrast, Diels *et al*. reported a ratio of 1:3 in African-Americans.\[[@ref28]\] Given the fact that orthodontic treatment can alter the position of A and B points and changes in A and B point would affect soft tissue profile,\[[@ref29]\] a higher ratio of 1:2 of upper lip to upper incisor retraction in light force-treated elastic group compared to a ratio of 1:2.9 in the power chain group may arise from the different types of tooth movement.

Although we observed more skeletal effect in the elastic group, the drawbacks in using elastic with light force to close space should be noted. The tooth movement in the elastic group was slower than its counterpart, which may pose a challenge in adult patients; furthermore, wearing elastic to close space may be a problem for very young patients with less compliance.

Conclusion {#sec1-5}
==========

Both mechanics demonstrated significant improvement in the protrusion of incisor and lips with slower incisor retraction in the elastic group. Sliding mechanics with elastics to generate light forces achieved better torque control albeit incisor retraction distance is similar. Light force achieved better skeletal effect and more upper lip retraction.
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